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(54) Bioelectric impedance measuring apparatus 



(57) Disclosed is a bioelectric impedance measur- 
ing apparatus which can prevent such abnormal condi- 
tion that an excessive current is applied to a human 
body when elements in said circuit has failed or is dam- 
aged, with a simple circuit configuration and without 
decreasing the measuring accuracy of the bioelectric 
Impedance. 

The disclosed bioelectric impedance measuring 
apparatus according to the present invention is config- 
ured such that a capacitor or a set of a capacitor and a 
resistor annnged parallel with each other is installed 
between an electrode to be brought Into contact with a 
human body and a bioelectric impedance measuring 
circuit section comprising a generating means for gen- 
erating an alternating current applied to a human body 
for measurement, a measuring means for measuring a 
voftage value between the portions where said cunent 
is applied to the human body, a computing means for 
computing a bioelectric impedance value, and a central 
processing unit (CPU) for controlling and processing 
said means. 
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Description 

Background of the invention 

Reldof the Invention 5 

[0001] The present Invention relates to an imped- 
ance measuring apparatus for measuring based on a 
bioelectric impedance method a body constitution such 
as a body fat rate represeriting a rate of fat weight to io 
total human body weight, a body fat mass representing 
an absolute weight value of the fat, or a total body water 
volume, and, in particular, to a safety countermeasure 
for preventing an element of the measuring apparatus 
from maidng an undesirable effect on a human body is 
when a circuit element In the measuring apparatus has 
failed. 

Poscriptiop QfttiQ Prior Art 

[0002] Conventionally, it has been known that the 
body constitution can be estimated by measuring a bio- 
electric impedance, as described in The American Jour- 
nal of Clinical Nutrition, 41(4) 810-817 1985 
"Assessment of fat-free mass using bioelectrical imped- 
ance measurement of the human body'. As for a 
method for measuring body fat mass contained In a 
human body by employing this mechanism, there has 
been known a method for measuring body fat mass in 
which an impedance between body ends such as hands 
and feet is measured by a four tenminal electrode 
method and the body fat mass is detemiined by combin- 
ing the measured impedance value with personal body 
infonnation such as weight, height, sex. age, etc., and 
further an apparatus for measuring the weight of a per- 
son to be measured together with the body fat mass 
simultaneousiy is disclosed by the Japanese Patent 
Publication No. Hei 5-49050. Various apparatuses 
employing this mechanism have already spread in mar- 
ket 

[0003] These conventional body fat meters are gen- 
erally configured as shown in Rg. 5 of the accompany- 
ing drawings. 

[0004] Rg. 5 is a block diagram briefly illustrating a 
configuration of a general body fat meter employing the 
bioelectric impedance method. The body ends of a per- 
son to be measured, or a right and a left hands or feet 
are brought Into contact with current electrodes 72A, 
72B and voltage electrodes 73A, 73B. When a meas- 
urement start switch in a switch group 87 is pressed, a 
measuring cun^nt or an alternating current of about 50 
kHz and of about 500 pA is generated by a cun'ent sup- 
ply section 81 in response to a signal from a CPU 80. 
This alternating current is the measuring current and is 
applied through the cun^ent electrodes 72A, 72B to the 
body of a person to be measured, and then a voltage 
value between the voltage electrodes 73A, 738 is 
detected by a voltage detecting section 82, and thereby 



a bioelectric impedance value is determined. A body fat 
rate or a body fat mass is estirriated based on preset 
body infomnation of the person to be measured and the 
determined bioelectric impedance value, and the result 
thereof is displayed on a display circuit 88. The cun-ent 
supply section 81 and the voltage detecting section 82 
to whk:h tiiese electrodes 72A, 728, 73A. and 738 are 
connected are composed of a plurality of electronfe 
components such as amplifiers (operational amplifiers), 
resistors, and capacitors. 

[0005] A battery 89 is connected to a constant volt- 
age supply section 90, where a rated voltage (Vdd and . 
-Vdd) is generated and output to drive the overall meas- 
uring circuit, that is, the constant voltage supply section 
90 is connected to respective ICs including CPU 80 to 
supply a constant voltage. This constant voltage supply 
section 90 generally employs a three terminal regulator 
or the like. 

[0006] As described above, tiie body fat meter 
according to the bioelectric impedance method is con- 
figured such that electrodes are directly brought into 
contact witii the skin of ttie person to be measured and 
tiie body fat rate and ttie body fat mass are measured 
by actuaity applying a small altemating cun^ent to a 
human body during tiie measurement 
[0007] However, since various electronic compo- 
nents are employed in the current supply section 81 and 
tiie voltage detecting section 82 as described above, 
and these electronic components are precisely config- 
ured, they are likely to fail if tiiese circuits and compo- 
nents are subjected to such loads as static electricity, 
high temperature, or the like, and further tiie tennlnats 
of tiiese electi'onic components may be separated from 
tiie substrate if tiie body fat meter is dropped. In such 
cases, the current cannot be correctly controlled, and 
subsequentiy acun^ent greater than expected may pos- 
sibly be applied to ttie human body ttirough the respec- 
tive electrodes 72A, 728, 73A, and 738. 
[0008] Since a human being is a creature having a 
sensory organ, applying a current greater than a certain 
level to the body may cause a person to feel numbness 
or pain. Rg. 1 of the accompanying drawings is a table 
showing the current effect on a human body, clashed 
by a category and a level of the cunent This table indi- 
cates that a human body begins to sense a current and 
to react tiiereto when a cun^nt greater ttian 1 mA is 
applied. As ttie current Increases, tiie initial slight pain 
turns into a strong pain. A current of about 20 mA Is 
regarded as a limit current, which a human being can 
endure and from which he or she can escape by himself 
or herself. 

[0009] Since Rg. 1 shows a case for an adult male 
witii a current applied for one second, similar conditions 
for females and children may be observed at considera- 
bly lower cun^nts than these values. 
[001 0] As described above, when an excessive cur- 
rent greater than a certain level is applied to a human 
body, tiie body is subjected to a heavy load Accord- 
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ingly, an electric instrument is desired to be equipped 
with a safety countermeasure for preventing a negative 
effects caused thereby, and especially in a body fat 
meter which determines a bioelectric Impedance value 
by applying a cun-ent to the human body, an improve- 5 
ment is desired from the vlev^^polnt of electrical safety. 
[0011] For this safety countermeasure, it is gener- 
ally contemplated as one method that the measuring 
cun-ent applied to the human body Is continuously 
detected and the circuit power supply is turned off when 10 
the current exceeds a specified level. Further, it is con- 
templated as an alternative method that the measuring 
cun-ent is limited by adding a high resistor between a 
measuring circuit section and an electrode plate. 
[0012] Although several safety countenneasures is 
including those described above can be contemplated 
to prevent an abnomnal current from being applied to 
the human body when a circuit element of a body fat 
meter employing the bioelectric impedance method has 
failed or a life thereof has run out the one method 20 
described above to turn off the power supply in case of 
a current greater than a specified level being applied 
maices the circuit configuration of the overall measuring 
apparatus complicated and demands more compo- 
nents, which results in the cost increase of the appara- 25 
tus. 

[0013] Though the circuit configuration is simple In 
the alternative method described above which employs 
a high resistor installed between the measuring circuit 
and the electrode, the circuit for measuring the bioelec- 30 
trie impedance has a higher resistance than the imped- 
ance of the human body, and this has negative effiects 
on measurement en^rs, and finally results in a 
decreased accuracy in measuring the body fat rate and 
the body fat mass. 35 
[0014] The present Invention is made in the light of 
these problems described above and the object thereof 
is to provide a safety countermeasure against an abnor- 
mal condition which may be caused by an excessive 
cun^nt applied to the human body when the element 40 
has failed or broken, using a simple circuit configuration 
without decreasing the accuracy In measuring the bioe- 
lectric impedance, and also to provide a bioelectric 
impedance measuring apparatus equipped with a 
safety countermeasure enabling an estimation of an 45 
index relating to body constitution such as body fat 
mass, total body water volume. 
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[001 5] According to an aspect of the present Inven- 
tion, there is provided a bioelectric impedance measur- 
ing apparatus which has a plurality of electrodes to be 
brought into contact with the sicin of a person to be 
measured, a measuring circuit section which is con- 55 
nected to said plurality of electrodes and applies an 
alternating current to the body of the person and meas- 
ures the bioelectric impedance, determines a bioelectric 



impedance value based on the bioelectric impedance 
analysis and estimates an index regarding the body 
constitution of the person, said apparatus characterized 
in that 

a set of a capacitor and a resistor arranged parallel 
with each other is installed between each of said 
electrodes and said measuring circuit section. 

[0016] According to another aspect of the present 
invention, there is provided a bioelectric impedance 
measuring apparatus which has a plurality of electrodes 
to be brought into contact with the skin of a person to be 
measured, a measuring drcuit section which is con- 
nected to said plurality of electrodes and applies an 
attemating cunrent to the body of the person and meas- 
ures the bioelectric impedance, detemilnes a bioelectric 
impedance value based on the bioelectric impedance 
analysis and estimates an index reganjing the body 
constitution of the person, said apparatus characterized 
in that 

at least one set of a capacitor and a resistor 
arranged parallel with each other is installed 
between said electrodes and said measuring circuit 
section. 

[0017] According to another aspect of the present 
Invention, there is provided a bioelectric impedance 
measuring apparatus which has a plurality of electrodes 
to be brought into contact with the skin of a person to be 
measured, applies an alternating current to the body of 
the person, a current supply circuit and a voltage meas- 
uring circuit which is connected to a plurality of elec- 
trodes, determines a bioelectric impedance value based 
on the bioelectric Impedance analysis and estimates an 
Index regarding the body constitution of the person, said 
apparatus characterized in that 

a set of a capacitor and a resistor arranged parallel 
with each other is installed between each of voltage 
measuring electrode among said electrodes and 
said voltage measuring drcuit 

[0018] According to another aspect of the present 
invention, there Is provided a bioelectric inrtpedance 
measuring apparatus which has a plurality of electrodes 
to be brought into contact with the skin of a person to be 
measured, applies an alternating current to the body of 
the person, a current supply drcuit and a voltage meas- 
uring drcuit which is connected to a plurality of elec- 
trodes, determines a bioelectric impedance value based 
on the bioelectric impedance analysis and estimates an 
Index regarding the body constitution of the person, said 
apparatus characterized in that 

a set of a capacitor and a resistor ananged parallel 
with each other is installed between at least one 
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voltage measuring electrode among said elec- 
trodes and said voltage measuring circuit 

[0019] According to another aspect of the present 
invention, there is provided a bioelectric Impedance s 
measuring apparatus which has a plurality of electrodes 
to be brought into contact with the sidn of a person to be 
measured, applies an alternating cunrentto the body of 
the person, a cun'ent supply circuit and a voltage meas- 
uring circuit which is connected to a plurality of elec- io 
trodes, detemiines a bioelectric impedance value based 
on the bioelectric impedance analysis and estimates an 
index regarding the body constitution of the person, said 
apparatus characterized in that 

IS 

a set of a capacitor and a resistor ananged parallel 
with each other is installed between each of current 
supply electrodes among said electrodes and said 
cun'ent supply circuit. 

20 

[0020] According to another aspect of the present 
invention, there is provided a bioelectric impedance 
measuring apparatus which has a plurality of electrodes 
to be brought into contact with the skin of a person to be 
measured, applies an alternating current to the body of 2S 
the person, a current supply circuit and a voltage meas- 
uring circuit which is connected to a plurality of elec- . 
trodes, detemiines a bioelectric impedance value based 
on the bioelectric impedance analysis and estimates an 
index regarding the body constitution of the person, said 30 
apparatus characterized in that 

a set of a capacitor and a resistor arranged parallel 
with each other is installed between at least one 
cun^nt supply electrode among said electrodes 35 
and said current supply circuit 

[0021] According to an embodiment of the present 
invention, a set of a capacitor and a resistor ananged 
parallel with each other is further installed between 4o 
each of voltage measuring electrodes among said elec- 
trodes and said voltage measuring circuit 
[0022] According to another aspect of the present 
invention, there is provided a bioelectric impedance 
measuring apparatus which has a plurality of electrodes 45 
to be brought into contact with the sidn of a person to be 
measured, a measuring circuit section which is con- 
nected to said plurality of electrodes and applies an 
alternating current to the body of the person and meas- 
ures the bioelectric impedance, determines a bioelectric so 
Impedance value based on the bioelectric impedance 
analysis and estimates an Index regarding the body 
constitution of the person, said apparatus characterized 
in that 

55 

between each of said electrodes and said measur- 
ing circuit section, a capacitor Is installed dose to 
said electrode and a diode for electrostatic safety 



countermeasure is installed close to said measur- 
ing circuit. 

[0023] According to another aspect of the present 
invention, there is provided a bioelectric impedance 
measuring apparatus which has a plurality of electrodes 
to be brought into contact with the skin of a person to be 
measured, a measuring circuit section which is con- 
nected to said plurality of electrodes and applies an 
alternating cun^ntto the body of the person and meas- 
ures the bioelectric impedance, detemnines a bioelectric 
impedance value based on the bioelectric impedance . 
analysis and estimates an index regarding the body 
constitution of the person, said apparatus characterized 
In that 

between each of said electrodes and said measur- 
ing circuit section, a set of a capacitor and a resistor 
arranged parallel with each other is Installed dose 
to said electrode and a diode for electrostatic safety 
countermeasure is installed close to said measur- 
ing circuit. 

[0024] According to an embodiment of the present 
invention, the said capacitor is a ceramic capacitor. 
[0025] There will now be described in detail pre- 
fen^d embodiment of the present invention with refer- 
ence to the drawings. 

Brief Description of the Drawings 
[0026] 

Rg. 1 is a table illustrating an effect of a cun^nt 

applied to the human body; 

Rg. 2 is a perspective view of a body fat meter 

according to a first embodiment of the present 

invention; 

Rg. 3 is a block diagram illustrating an intemal 
measuring drcuit of the body fat meter according to 
the first embodiment of the present invention; 
Rg. 4 Is a bk>ck diagram Illustrating an Intemal 
measuring drcuit of a iDody fat meter according to a 
second embodiment of the present invention; and 
Rg. 5 is a biodc diagram illustrating an intemaJ 
measuring circuit of a conventional body fat meter 
of a prior art 

Description of the Prefen^d Embodiments 

[D027] A bioelectric impedance measuring appara- 
tus according to the present invention Is configured 
such that a capacitor or a set of a capacitor and a resis- 
tor arranged parallel with each otiier Is installed, 
between an electrode to be brought into contact witii a 
human body and a bioelectric impedance measuring 
drcuit section comprising a generating means for gen- 
erating an attemating cunrent applied to a hunian body 
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for measurement, a measuring means for measuring a 
voltage value between portions where said cun'ent is 
applied to the human body, a computing means tor com- 
puting a bioelectric impedance value, and a central 
processing unit (CPU) for controlling and processing 
said means. 

[0028] A capacitor acts as an impedance element In 
an electric circuit and has an infinite resistance when 
direct current energy is to be transferred and has a 
smaller resistance as the alternating current frequency 
increases. A capacitor can constitute various kinds of 
transmission circuits for electric energy when combined 
with a resistor having an impedance which is not 
dependent on frequency and an inductance having an 
impedance whose frequency characteristic is reverse to 
that of a capacitor. No detailed description will be made 
further since this is well known and described in various 
reference books on electric circuits, but it should be 
noted that no current passes through a capacitor when 
the cun:ient frequency T Is 0 Hz, that is, the cun-ent is a 
direct cun^nt Accordingly, in an embodiment of the 
present invention, only an alternating current can be 
applied to the body of the person to be measured, and 
no direct current can be applied. This can prevent a 
direct cun-ent greater than a specified value from being 
applied to the human body even if electronic compo- 
nents of the measuring circuit section have fialled. The 
temfi of "measuring circuit section" of the present inven- 
tion Is used as a general temn which includes not only a 
limited portion of a voltage measuring circuit but also 
the overall elements including a cun'ent supply section 
and a voltage detecting section necessary for measur- 
ing the bioelectric impedance. 
[0029] Preferred embodiments of the present inven- 
tion will be described in detail with reference to the 
attached drawings. 

[0030] Rg. 2 Is a perspective view of a body fat 
meter for measuring a bioelectric impedance between 
both feet based on the bioelectric impedance method 
according to a first embodiment of the present inven- 
tion. The body fat meter 1 has a top surfiace as a meas- 
uring face, and is provided with four electrodes thereon 
including two current electrodes 2A, 2B and the other 
two voltage electrodes 3A, SB, and is further provided 
with a display section 4 for displaying information 
related to the measured body fat, and a numeral value 
change button 5 and a set button 6 for entering personal 
data of a person to be measured. A measurement start 
switch 7 to be pressed for body fat measurement is 
mounted on a front face of the main body. Accordingly, 
the body fat meter is similar in its external appearance 
to a conventional body fat meter. 
[0031] In the initial stage of measurement proce- 
dure, a person to be measured presses the numeral 
value change button 5 and the set button 6 to register 
one's personal infomnation such as height, weight, sex, 
age or the like. In the actual stage of measurement of 
body fet, tiie body fat meter is actuated for starting 



measuring operetion when the person to be measured 
presses the measurement start switch 7 and then his or 
her bare soles are placed thereon so as to come into 
contact with electrode portions on tiie measuring face of 

5 the body fat meter. At that time the tiptoe and heel of the 
left foot are brought into contact with the cun-ent elec- 
trode 2A and ttie voltage electrode 3A respectively, and 
so are tiiose of tiie right foot witii the cun-ent electrode 
28 and the voltage electrode 38 respectively. Thus. 

10 there is no particular difference in the usage between a 
body fat meter of the prior art and that of the present 
Invention. 

[0032] Fig. 3 is a block diagram of a circuit configu- 
ration of a body fat meter based on tiie bioelectric 
15 impedance metiiod according to the present invention 
described above. 

[0033] An internal measuring circuit of tiie body fat 
meter 1 includes a CPU 10 for controlling and process- 
. ing various operations. This CPU 10 is connected to a 

20 sine wave signal generating section 1 1 for generating 
an alternating current or a measuring cun^nt in 
response to a processing Instruction from the GPU 10, 
which In turn is connected to a constant current circuit 
section 12 including a constant current circuit opera- 

25 tional amplifier U1 2 for generating a constant cun-ent in 
response to an output signal from the sine wave signal 
generating section 1 1 . and this constant current circuit 
section 12 is connected at one output terminal thereof 
to ttie cun-ent electrode 28 via a capacitor CI and also 

30 is connected at another output temilnal thereof to the 
other current electrode 2A via a reference resistor 13 
and another capacitor 02. 

[0034] Each of tiie voltage electrodes 3A and 38 is 
connected to an analogue switch IC1 via a capacitor 03 

35 or 04 respectively. This analogue switch 101 is config- 
ured such tiiat it may selectively be switched to make 
connection eittier to the reference resistor 1 3 or to a cir- 
cuit for measuring the body impedance. This reference 
resistor 13 Is installed wrthin a cun^nt path of tiie meas- 

40 uring cument to make the measurement of ttie bioelec- 
tric impedance more accurate such tiiat, while applying 
a curent to a certain path including that between botii 
feet of the person, a voltage value detenmined when the 
switch 101 makes a connection to tiie resistor 13 and 

45 another voltage value determined when the analogue 
switch 101 is connected to a circuit including both feet of 
the person are measured and then latter voltage value 
is compared with the former voltage value whteh is pre- 
dseiy detenmined based on ttie reference resistor. The 

50 analogue switch 101 is connected to a voltage amplify- 
ing ctrcult section 14 including an operational amplifier 
U14 for amplifying ttie measured voltage value signal, 
which in turn is connected to a detection circuit 15 for 
shaping a voltage wavefomi, which in turn Is connected 

55 to an A/D converter 1 6 for converting a data of shaped 
voltage waveform from analogue to digital values, and 
finally tiie digital value generated by ttie A/D converter 
16 is input into ttie CPU 10. 



5 



9 



EP1 091 215 A2 



10 



[0035] A switch group 17 including the numeral 
value change button 5, the set button 6, and the meas- 
urement start switch 7 as shown in Rg. 2 is connected 
to the CPU 10, and atso is connected thereto a display 
circuit 18 including a display section 4 for displaying 5 
information related to body fat such as the body fat rate 
or the body fat mass which is estimated by combining 
the" detenmined bioelectric impedance value and per- 
sonal information stored in advance. Thus, the CPU 10 
computes the bioelectric impedance value based on the 10 
input current value and the detected voltage value, and 
then estimates the body fax rate or the body fat mass 
based on personal information stored in advance and 
the determined bioelectric impedance value, and finally 
displays the result on the display section 4. 
[0036] A battery 1 9 is connected to a constant volt- 
age supply section 20, where a rated voltage (Vdd) is 
generated and output for driving the whole measuring 
circuit, and this constant voltage supply section 20 is 
connected to respective elements including the GPU 10 
to supply a constant voltage. This constant voltage sup- 
ply section 20 is generally configured by combining a 
three tenninal regulator or the like so as to output the 
rated voltage (Vdd and • Vdd). 
[0037] Diodes D1 1 to 014 and 021 to 024 are pro- 
vided to prevent possible electrostatic breakage 
because sometimes several kV of voltage is applied 
from the electrodes by the static electricity when socks 
or clothes charged by a carpet or the like come into con- 
tact with any of the electrodes 2A, 2B, 3A, 3B. To pre- 
vent the circuit breakage by the high voltage, these 
diodes are provided to discharge the current to Vdd or - 
Vdd when the high voltage is applied between the elec- 
trodes and the measuring circuit and thereby an exces- 
sive current is prevented from being applied to the 
circuits. 

[0038] Capacitors CI to C4 are new elements 
employed in the present invention. Rrst, a case where a 
circuit element in a circuit without capacitors CI to C4 
has failed will be described. 
[0039] It is assumed that the diodes 01 1 and 021 
installed against the electrostatic breakage have felled 
or have already been out of order due to the static elec- 
tricity when a person places himself on a body fat meter 
to measure his body fiat rate by bringing his soles into 
contact with respective electrodes 2A, 2B, 3A, 38. If 
Vdd and -Vdd are equal to 44V and -4V respectively, a 
potential difference of 8 volts is applied between 28 and 
2A because 01 1 and 022 are conductive. If the left and 
right tiptoes are in contact with the 28 and 2A respec- 
tively, ttie potential difference of 8 volts is also appfled 
between the feet of the human body. Since the imped- 
ance between both feet of an ordinary adult male is 
regarded to be about 500^2, a direct current of 1 6 mA is 
applied between the feet 

8(V) /500(a) s 16 (mA) 



[0040] According to the table shown in Rg. 1, this 
cunent of 16 mA is regarded to have a considerable 
effect on a human body, that Is, a considerable pain, 
though he can escape by himself from the condition 
caused by the current 

[0041] Thus, when an electric component of the 
measuring dncuit is broken or out of order, several volts 
of potential difference may be produced between elec- 
trodes, and if a human body comes into contact with the 
electrode at this time, a current of several tens mA may 
possibly be applied to a human body. Similar accident 
may occur under some conditions not limited to the . 
case of failure in the diode against electrostatic break- 
age. That is, several volts of potential difference may be 
generated between electrodes and consequently a con- 
dition similar to that described above may occur when, 
for example, tiie constant cunent operational amplifier 
U12 is broken and the output from ttie operational 
amplifier turns to be Vdd or -Vdd, or when the analogue 
switch IC1 is broken and a conductive state is estab- 
lished Inside ttie circuit between an IC terminal con- 
nected to any of the electrode plates and Vdd or the 
negative pole of ttie power supply, which may occur 
when static electricity is applied to the circuit or a certain 
degree of load is applied to tiie body fat meter due to an 
accidental drop thereof. Since the impedance between 
both feet varies from person to person to be measured 
and tiie rated voltages Vdd and -Vdd In tiie circuit vary 
depending on design concept, measurement accuracy 
or tiie like, the current described above is not always 
applied to ail the persons, but a cunent exceeding that 
level may be applied to the human body. 
[0042] Secondly, a circuit provided witii capacitors 
C1 to C4 will be described. 

[0043] It is again assumed tiiat tiie diodes 01 1 and 
021 installed against tiie electrostatic breakage have 
failed or have already been out of order due to the stetic 
electricity when a person places himself on a body fat 
meter to measure his body fat rate while bringing his 
soles into contact witii respective electrodes 2K 2B, 3A, 
38. Though tiie diodes 01 1 and 022 are conductive at 
this time, no direct current passes tiirough tiie person 
owing to tiie capadtors C1 , C2 installed in the path even 
if a person to be measured places himself on tiie body 
fat meter while bringing his or her soles into contact with 
each of the electrodes 2A, 28. Accordingly, when tills 
capacitor is Installed between each electrode and tiie 
measuring circuit, such abnomnal case can be avoided 
tiiat a direct cun^nt of several tens mA passes through 
the human body. 

[0044] Even if the capacitor is installed in the meas- 
uring path, no particular trouble comes out since the 
measuring current for measuring tiie bioelectric imped- 
ance is generally an alternating cunent of about 50 kl-lz 
in frequency and of about 500 pA in ampere and conse- 
quentiy the alternating current can pass through tiie 
capacitor during the nonrnal operation. 
\f304S] These capacitors 01 to C4 have no effect on 
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the measuring accuracy so long as the capacitors has 
0.1 jiF of capacity when the measuring cunBnt is 50 
kHz in frequency. As for these capacitors CI to C4, an 
inexpensive capacitor available in the market such as a 
ceramic capacitor is enough for it, and further an elec- 
trolytic capacitor, a film capacitor, or a chip component 
such as a pressure membrane chip resistor may also be 
employed, 

[0046] In the present Invention, a resistor may be 
connected in parallel with the capacitor as shown In a 
second embodiment of the present invention. Rg. 4 is a 
block diagram illustrating a circuit configuration of a 
body fat meter according to the second embodiment, in 
which each capacitor CI to C4 is connected in parallel 
with each resistor m to R4 respectively. Each of these 
resistors has a high resistance of about 1 M^l 
[0047] In case where each capacitor C1 to C4 is 
installed as in the first embodiment when a person to 
be measured comes into contact with the electrode, a 
small potential difference Is produced and a small 
amount of electric charge may possibly be charged on 
each capacitor C1 to 04. Though the analogue switch 
IC1 is configured to be switched to either position to the 
reference resistor 1 3 or to the body impedance, the cur- 
rent having been passing through the body to measure 
the body impedance is charged on the capacitors 01 to 
04 when the reference resistor is being measured 
because the current cannot pass through the measur- 
ing circuit This can be an error factor in the measuring 
cunrent because of the nature In the circuit When each 
resistor R1 to R4 is connected parallel with each capac- 
itor 01 to 04 respectively, the electridty charged on 
each capacitor can be discharged. Thus connecting a 
resistor parallel with a capacitor can reduce an error 
factor and can keep a higher accuracy 
[0046] In this second embodiment, as to the circuit 
components other than the resistors R1 to R4, the same 
component can be employed and configured to work in 
the same way as those shown in the first embodiment 
[0049] It is again assumed that the diodes D1 1 and 
D21 installed against the electrostatic breakage have 
failed or have already been out of order due to the statto 
electncity when a person places himself on a body fat 
meter to measure his body fat rate while bringing his 
soles Into contact with respective electrodes 2A, 2B, 3A, 
SB. Though the diodes D1 1 and D22 are conductive at 
this time, no direct current passes through the person 
owing to the capacitors 01, 02 installed in the paths 
even if a person to be measured places himself on the 
body fat meter while keeping his or her soles in contact 
with each electrodes 2A, 2B. Further, only a small 
amount of current passes through the resistors R1 , R2. 
When a voltage of 8 volts is applied and each resistor 
has a resistance of 1 the current path has a resist- 
ance of over 2 MA including that of human body and 
accordingly the current passing through the current path 
can be cak:ulated by the equation below. 



8votts/2(Ma)=^4(|iA) 

The cun-ent Is only 4 ^A. This cun^nt causes no trouble 
even if it passes through the human body because the 

5 current is far below the least sensing level according to 
the table shown in Rg. 1 . Accordingly even if a set of a 
capacitor and a resistor arranged parallel with each 
other is installed in the measuring circuit, such abnor- 
mal case that a direct cun^nt of several tens mA passes 

10 through the human body can be avoided. 

P050] Even if a set of a capacitor and a high resis- 
tor arranged parallel with each other is installed in the 
measuring circuit, no particular trouble comes out dur- 
ing the measurement since the measuring cun^nt 

75 employed for measuring the bioelectric impedance is 
generally an altemating cunrent of about 50 kHz in fre- 
quency and of about 500 \iA in ampere and conse- 
quently the altemating cunrent can pass through the 
capacitor. 

20 [0051] . As for a circuit element, an inexpensive 
capacitor and a resistor available in the market such as 
a ceramk: capacitor and a carbon resistor respectively 

are enough for it. 

[0052] Further, in the first and second embodi- 

25 ments, the diodes are installed between each electrode 
and the measuring circuit to prevent the static electricity 
problem, and a point between each electrode and the 
connecting point of the diodes is selected to install the 
capacitor or the set of a capacitor and a resistor. Thus, 

30 the static electridty which may cause the circuit failure 
can be released to Vdd or -Vdd so as not to be dis- 
charged from the electrode to the measuring drouit, and 
further even if the diode might fail, an excessive cunrent 
is prevented from passing from the electrode to the 

35 human body since the capacitor could woric 

[0053] Though, as to the configuration of the body 
fat meter, only the case where the bioelectric Imped- 
ance between both feet is measured thereby has been 
described, the present invention is not limited thereto 

40 but it can be applied to such bioelectric impedance 
measurement between both hands, between a hand 
and a foot or between proper body portions by bringing 
them into contact with the electrodes. 
[0054] Further, though the present invention has 

45 been described herein as an apparatus for determining 
the body fat of the person to be measured from the 
measured bioelectric Impedance, the present invention 
can be applied, without being limited thereto, to an 
apparatus for measuring various indexes related to 

50 body constitution such as total body water volume or fat 
free mass of a person to be measured. 
[0055] Further, as to the condition where an exces- 
sive current flows, only the case where a diode against 
static electricity breakage has failed has been described 

55 herein, but an unexpected current also passes without 
being limited thereto when various components have 
been damaged, and accordingly the configuration of the 
measuring circuit according to the present invention is 



7 



13 EP 1 C 

not limited thereto. 

[0056] Further though a configuration in which a 
capacitor or a set of a capacitor and a resistor arranged 
paraiiei with each other is connected to each electrode 
has been described herein, the present invention may 
be configured in any fonn so long as no direct cun^nt 
passes the current path including a human body, and 
accordingly the number of capacitors or that of resistors 
to be installed parallel with a capacitor may properly be 
changed. 

[0057] Further, as to providing the capacitor or the 
set of a capacitor and a resistor arranged parallel with 
each other, it may be only provided to the cun^ent supply 
electrode but not to the voltage measuring electrode. 
This is because the circuit tbr measuring voltage has a 
high impedance, and therefore current is hardly applied 
to the living body even when the circuit element has 
failed, that is, there is little risk that a cun'ent large 
enough to have a substantial effect on a human body 
may be applied. 

[0058] Further, the present invention is also appli- 
cable to such a case with an increased number of elec- 
trodes, for example, the case of eight electrode 
measuring method in which the bioelectric impedance 
of respective portions of a living body are measured, 
and in this case, capacitors or sets of capacitors and 
resistors, each being arranged paraiiei with each other, 
may property be installed between each of the elec- 
trodes and the measuring circuit section. 
[0059] In a bioelectric Impedance measuring appa- 
ratus for measuring an index related to body constitution 
of a person to be measured based on the bioelectric 
impedance method, if the apparatus is configured such 
that a capacitor is installed between each electrode and 
a measuring circuit according to the present Invention, it 
is possible to prevent the abnormai condition that an 
excessive cuoent passes through the human body in 
case of failure or damage of a circuit element, by using 
a simple circuit configuration without decreasing the 
accuracy in measuring the bioelectric impedance. 
[0060] Further, in a bioelectric impedance measur- 
ing apparatus for measuring an index related to body 
constitution of a person to be measured based on the 
bioelectric impedance method, if a set of a capacitor 
and a resistor arranged parallel with each other is 
installed between each electrode and a measuring cir- 
cuit according to the present invention, the electricity 
charged on the capacitor can be discharged and 
thereby an error factor can be reduced, that is, the bioe- 
lectric impedance can be measured more accurately 
compared with the case In which only a capacitor with- 
out a resistor is employed. 

[0081] Further, in a bioelectric impedance measur- 
ing apparatus, if a capacitor or a set of a capacitor and 
a resistor arranged parallel with each other is installed 
in the current supply electrode side and another capac- 
itor or another set of a capacitor and a resistor arranged 
parallel witti each other Is optionally installed in the voft- 
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age measuring electrode side, a safety countermeasure 
can be provided always on the current supply electrode 
side to which a direct current is likely to be applied, and 
the probability that a current having a substantial effect 
5 on a living body passes from each electrode thereto can 
sufficiently be suppressed because a current is hardly 
applied from the voltage measuring electrode to the liv- 
ing body owing to die high impedance of the measuring 
circuit. 

10 [0062] Further, in a bioelectric impedance measur- 
ing apparatus, if a set of a capacitor and a resistor 
ananged parallel with each other Is installed between . 
each electrode and a measuring circuit, a set of a 
capacitor and a resistor arranged parallel with each 

IS other is installed close to said electrode, and a diode for 
electrostatic safety countemneasure is installed close to 
said measuring circuit, a safety countermeasure can be 
provided to prevent such abnormal condition that an 
excessive cun^nt is applied to a human body when ele- 

20 ments in said circuit has failed or broken, by using a 
simple circuit without decreasing the accuracy in meas- 
uring the bioelectric impedance, and the circuit failure, 
caused by static electricity can also be prevented, whk:h 
reduces risk to the apparatus as well as to tiie human 

25 body. 

[0063] Further, when a ceramic capacitor Is 
employed as said capacitor, an impedance measuring 
apparatus equipped with a safety countermeasure can 
be provided without any substairtial increase in cost 
30 even if the apparatus employs a plurality of capacitors 
because of the low unit cost of the ceramic capacitor. 

Claims 

S5 1. A bioelectric impedance measuring apparatus 
which has a plurality of electrodes (2A. 2B. 3A, SB) 
to be brought into contact with the skin of a person 
to be measured, a measuring circuit section (10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20) which iscon- 

40 nected to said plurality of electrodes (2A, 28, 3A, 
38) and applies an alternating cun-ent to the body 
of the person and measures the bioelectric imped- 
ance, determines a bioelectric impedance value 
based on the bioelectric impedance analysis and 

45 estimates an index regarding the body constitution 
of the person, said apparatus characterized in that 

a set (CI, R1; C2, R2; C3, R3; C4. R4) of a 
capacitor and a resistor arranged parallel with 
so each other is Installed between each of said 

electrodes (2A, 28. 3A, 38) and said measur- 
ing circuit section (10. 11. 12, 13, 14. 15, 16. 
17.18.19.20). 

55 2. A bioelectric impec^ce measuring apparatus 
which has a plurality of electrodes (2A, 28, 3A, 38) 
to be brought into contact witii the skin of a person 
to be measured, a measuring circuit section (10. 
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11, 12, 13. 14, 15, 16. 17, 18. 19, 20) which is con- 
nected to said plurality of electrodes (2A, 2B, 3A, 
SB) and applies an alternating current to the body 
of the person and measures the bioelectric imped- 
ance, detemiines a bioelectric impedance value 5 
based on the bioelectric impedance analysis and 
estimates an Index regarding the body constitution 
of the person, said apparatus characterized in that 

at least one set.(Cl, R1; C2, R2; C3, R3; C4. 10 
R4) of a capacitor and a resistor arranged par- 
allel with each other is installed between said 
electrodes (2A, 26, 3A, 38) and said measur- 
ing circuit section (10, 11, 12. 13. 14, 16, 16, 
17,18.19,20). IS 

A bioelectric innpedance measuring apparatus 
which has a plurality of electrodes (2A, 2B, 3A, 3B) 
to be brought into contact with the skin of a person 
to be measured, applies an attemating cun-ent to 20 
the body of the person, a cun'ent supply circuit (12) 
and a voltage measuring circuit (IC1, 14, 15, 16) 
which is connected to a plurality of electrodes (2A, 
2B, 3A, 38), determines a bioelectric impedance 
value based on the bioelectric impedance analysis 2s 
and estimates an Index regarding the body consti- 
tution of the person, said apparatus characterized 
in that 



to be measured, applies an alternating curent to 
the body of the person, a current supply circuit (12) 
and a voltage measuring circuit ICI. 14, 15, 16 
which is connected to a plurality of electrodes (2A, 
28, 3A, SB), determines a bioelectric impedance 
value based on the bioelectric impedance analysis 
and estimates an index regarding the body consti- 
tution of the person, said apparatus characterized 
In that 

a set (C1. R1; C2. R2) of a capacitor and a 
resistor arranged parallel with each other is 
installed between each of current supply elec- 
trodes (2A. 2B) among said electrodes and 
said current supply circuit (12). 

A bioelectric impedance measuring apparatus 
which has a plurality of electrodes (2A, 2B, 3A 38) 
to be brought into contact with the skin of a person 
to be measured, applies an alternating cun^nt to 
the body of the person, a current supply circuit (12) 
and a voltage measuring drcuit (ICI, 14, 15, 16) 
which is connected to a plurafity of electrodes (2A, 
2B, 3A, 38) detemiines a bioelectric impedance 
value based on the bioelectric impedance ansilysis 
and estimates an index regarding the body consti- 
tution of the person, said apparatus characterized 
in that 



a set (C3, R3; C4, R4) of a capacitor and a ao 
resistor an^nged parallel with each other is 
installed between each of voltage measuring 
electrode (3A, SB) among said electrodes and 
said voltage measuring circuit (ICI , 1 4, 1 5, 1 6). 

35 

4. A bioelectric Impedance measuring apparatus 
which has a plurality of electrodes (2A, 28, 3A. 3B) 
to be brought into contact with the skin of a person 
to be measured, applies an alternating cun'ent to 
the body of the person, a cun^nt supply circuit (1 2) 4o 
and a voltage measuring circuit (ICI, 14, 15, 16) 
which Is connected to a plurality of etisctrodes (2A, 
2B, 3A, 38), detemfiines a bioelectric impedance 
value based on the bioelectric impedance analysis 
and estimates an index regarding the body consti- 4s 
tution of the person, said apparatus characterized 

In that 

a set (C3. R3; C4. R4) of a capacitor and a 
resistor arranged parallel with each other is so 
installed between at least one voltage measur- 
ing electrode (3A, 38) among said electrodes 
and said voltage measuring circuit (ICI , 14, 15, 
16). 

ss 

5. A bioelectric impedance measuring apparatus 
which has a pluraTity of electrodes (2A, 2B, 3A, 38) 
to be brought into contact with the skin of a person 



a set (CI, R1; C2, R2) of a capacitor and a 
resistor arranged parallel with each other is 
installed between at least one current supply 
electrode (2A, 28) among said electrodes and 
said current supply circuit (12). 

7. A bioelectric impedance measuring apparatus in 
accordance with claim 5. in which a set (C3, R3; 
C4, R4) of a capacitor and a resistor ananged par- 
allel with each other is further installed between 
each of voltage measuring electrodes (3 A, SB) 
among said electrodes and said voltage measuring 
circuit(IC1,14, 15, 16). 

8. A bioelectric Impedance measuring apparatus 
which has a plurality of electrodes (2A. 28. 3A, 38) 
to be brought Into contact with the skin of a person 
to be measured, a measuring circuit section (10, 
11. 12, 13, 14, 15. 16, 17, 18, 19, 20) whk:h is con- 
nected to said plurafity of electrodes (2A, 28, 3A, 
38) and applies an alternating cument to the body 
of the person and measures the bioelectric innped- 
ance, determines a btoelectrtc impedance value 
based on the bioelectric impedance analysis and 
estimates an index regarding the body constitution 
of the person, sakf apparatus chan^rized in that 

between each of said electrodes (2A, 28, 3A, 
38) and said measuring circuit section, a 
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capacitor (CI , C2, C3, C4) is installed close to 
said electrode and a diode (011, 012, 013. 
014, 021. 022, 023, 024) for electrostatic 
safety countemneasure is installed close to said 
measuring circuit 5 

9. A bioelectric impedance measuring apparatus 
which has a plurality of electrodes (2A, 26, 3A, 36) 
to be brought into contact with the sidn of a person 

to be measured, a measuring circuit section (10, 10 
11, 12, 13, 14, 15, 16, 17, 18, 1 9, 20) which is con- 
nected to said plurality of electrodes and applies an 
altemating current to the body of the person and 
measures the bioelectric impedance, determines a 
bioelectric impedance value based on the bioelec- is 
trie impedance analysis and estimates an index 
regarding the body constitution of the person, said 
apparatus characterized in that 

between each of said electrodes (2A, 2B, 3A, 20 
38) and said measuring circuit section, a set 
(CI, R1 . C2, R2, C3, R3, C4, R4) of a capacitor 
and a resistor arranged parallel with each other 
is installed dose to said electrode and a diode 
(011, 012, 013, 014. 021, 022. 023. 024) for 25 
electrostatic safety countemneasure is installed 
close to said measuring circuit. 

10. A bioelectric impedance measuring apparatus in 
accordance with either of tfie claims 1 to 9. in which 30 
said capacitor (CI , C2, C3, C4) is a ceramic capac- 
itor. 
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FIG. 1 
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